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WO 03/049002 PCT/US02/30859 
TOUCH SCREEN CALIBRATION SYSTEM AND METHOD 

The present invention relates generally to touch screen calibration systems and 
methods for calibrating a touch screen. 

5 

Background 

A typical touch screen employs a sheet of glass with a conductive coating such as 
indium tin oxide with four terminal connections, one at each comer. The touch screen 
may also be a capacitive or resistive touch screen with a pattem of electrodes made of 

10 conductive material. A finger, stylus, or conductive top sheet can draw or inject current at 
the point of contact. The current can then distribute to the touch panel terminals in a 
proportionate manner relative to the location of the point of contact. The accuracy of the 
touch screen thus depends on how well the division of current among the terminals 
represents the contact location. To help correlate point of contact signals with correct 

15 position data, touch screens are calibrated. Calibration usually takes place during 

manufacturing, and in some cases recalibration can be performed by an end user, for 
example. Calibration can also include diagnostic functions whereby uncorrectable errors 
can be found and a non-fiinctioning status can be indicated. 

20 Summary of the Invention 

Frequent calibration and recalibration of a touch screen may be desirable in many 
situations. Whether the touch screen is a capacitive touch screen or resistive touch screen, 
the impedance of the linearization pattem and the active and passive components of the 
sensing and control circuits can change over time due to aging and environmental 

2S . conditions, among other things. Such changes in conditions can introduce errors in the 
division of the current among the terminals, resulting in reporting erroneous point of 
contact information. Errors in the division of current can also occur because of differences 
in the gains of the circuits or differences in impedances associated with each terminal. 
In typical operator-performed recalibration, individual touches are made at a 

30 number of predetermined test points whose locations are known. Any difference between 
a known location and a measured location represents an error that is taken into account 

1 
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during subsequent touch position measurements. Such manual recalibration requires that 
the human operator interrupt work and execute the calibration procedure, p^sibly 
reducing efficiency. The frequency that recalibration may be needed tends to increase as 
ambient conditions change, for example as the temperature changes by more than a 
specified amount. Additionally, the repeatability of operator recalibration may be poor due 
to difficulties involved with touching the test points in the same way and with the same 
impedance each time recalibration is performed. Also, there is a possibility that many 
erroneous touch points are registered before a user becomes aware that recalibration 
should be performed. 

The present invention provides a calibration system and method that does not require 
users to touch test points and that can be performed automatically, for example on a periodic 
basis, on a scheduled basis, on an event basis (e.g., on power-up or after a specified period of 
user inactivity), on a detected threshold basis (e.g., after a temperature change of a specified 
number of degrees), or the like. According to the present invention, an effective, automatic 
touch screen calibration system and method can be realized by applying a calibration 
impedance to the terminals of a touch screen, sensing the effect of the calibration impedance 
on each terminal, then calculating the X, Y position indicated for each terminal. This 
simulated touch information can be used to calculate the offset for each terminal and apply 
those offsets to obtain the corrected touch position from the measured touch position, and/or 
to calculating the gain error indicated for each terminal and apply the gain error to obtain the 
corrected touch position from the measured touch position. 

The present invention features a touch screen calibration system that includes a touch 
screen having a plurality of terminals and a control circuit for applying a signal to die 
terminals and sensing effects on the signal caused by a simulated touch on the touch screen. 
A switching circuit can be provided to apply a calibration impedance to the terminals: A 
microprocessor can be configured to calculate the calibration X, Y position indicated for 
each terminal upon application of the calibration impedance, and in response to the 
calibration position to calculate the offset for each terminal and apply those offsets to obtain 
the corrected touch position from the measured touch position. A diagnostic function can be 
provided to report error conditions when signals measured during calibration are outside 
predetermined limits. 

2 
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In an exemplary embodiment, the microprocessor may be further configured to 
interpolate the offsets as a function of the relative X, Y positions of the measured touch 
position, periodically operate the switching circuit, and prevent operations of the switching 
circuit, at least while the touch screen is actively in use. The period of the timing may be 
5 changed in response to a predetermined change in the sensed quantity. The sensor circuit 

may sense temperature. There may be four terminals. The same calibration impedance may 
be applied to each terminal. The touch screen may be a capacitive touch screen or resistive 
touch screen. 

The invention also features a method of touch screen calibration including applying a 

10 signal to the terminals of a touch screen, applying a calibration impedance to the terminals 
and sensing the effect on the signal of the calibration impedance applied to the tenninals. 
The calibration X, Y position is calculated for each terminal upon application of the 
calibration impedance and the offset for each terminal is calculated and applied to obtain the 
corrected touch position from a measured touch position. 

15 In an exemplary embodiment, the offsets are used as input to simultaneous 

differential equations that model the screen errors as a two dimensional Taylor series. In 
another embodiment, the offsets are interpolated as a function of the relative calibration X, Y 
positions of the measured touch position. 

The invention also features a method of touch screen calibration including applying a 

20 signal to the terminals of a touch screen, applying a calibration impedance at the center of the 
touch screen and sensing the effect on the signal of the calibration impedance. The 
calibration X, Y position is calculated upon application of the calibration impedance and the 
position error is calculated and may be applied to obtain the corrected touch position from a 
measured touch position. A diagnostic function can be provided to report error conditions 

25 when signals measured during calibration are outside predetermined limits. 

This invention also features a touch screen calibration system including a touch 
screen having a plurality of terminals in the control circuit for applying a signal to the 
terminals and sensing the effect on the signal due to a touch on the touch screen. The 
switching circuit applies a calibration impedance to the terminals and a microprocessor is 

30 configured to calculate the gain error indicated for each terminal upon application of the 

calibration impedance and applies those gain errors to obtain a corrected touch position from 

3 
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the measured touch position. In a preferred embodiment the microprocessor may be further 
configured to normalize the gain error, store the normalized gain error, and apply the 
normalized gain error to subsequently measured touch positions. 

This invention also features a method of touch screen calibration including applying 
5 a signal to the terminals of a touch screen and applying a calibration impedance to the 

terminals, and then sensing the effect on the signal of the calibration impedance supplied to 
the terminals. The gain error indicated for each terminal is calculated upon application of the 
calibration impedance and the gain error is applied to obtain the corrected touch position 
from the measured touch position. 

10 

Brief Description of the Drawings 
The invention may be more completely understood in consideration of the 
following detailed description of various embodiments of the invention in connection with 
the accompanying drawings, in which: 
15 Fig. 1 is a simplified schematic diagram of a touch screen with a calibration system 

according to this invention; 

Fig. 2 is a flow chart of re-calibration timing algorithm performed by the 
microprocessor 

Fig. 3 A is a flow chart showing the signal measurement process according to this 
20 invention; 

Fig. 3B is a flow chart showing the stray current measurement process according to 
this invention; 

Fig. 3C is a flow chart showing the position calibration vectors measurement and 
calculation according to this invention; 
25 Fig. 4 is a diagram of a touch screen with error vectors. 

Fig. 5 A is a flowchart for calculating calibration coefficients according to this 
invention; 

Fig. 5B is a flowchart for applying calibration coefficients to calculate a corrected 
touch position according to this invention; 
30 Fig. 6 is a flowchart for applying calibration offsets to calculate a corrected touch 

position according to this invention; 
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Fig. 7 is a flowchart of gain correction factors measurement and calculation; 
Fig. 8 is a flowchart of an algorithm used for position measurement with gain error 
correction; and 

Fig. 9 is a simplifled schematic diagram of a resistive touch screen with a calibration 
system according to this invention. 

While the invention is amenable to various modifications and alternative forms, 
specifics thereof have been shown by way of example in the drawings and will be 
described in detail. It should be understood, however, that the intention is not to limit the 
invention to the particular embodiments described. On the contrary, the intention is to 
cover all modifications, equivalents, and alternatives falling within the spirit and scope of 
the invention. 

Detailed Description 

Touch screen calibration includes connection of a calibration impedance to terminals 
of a sensor, measuring errors with the calibration impedance, and correcting errors or 
reporting fault conditions where errors cannot be corrected. Error correction can be 
accomplished through any suitable method. Exemplary error correction schemes include 
position correction by bilinear interpolation based on coefficients generated by simultaneous 
differential equations that model the screen errors as a two dimensional Taylor series, 
bilinear interpolation based on measured terminal errors, and error correction based on gain 
correction. 

There is shown in Fig. 1 a touch screen 10 having four comer terminals 12, 14, . 16 
and 18 in contact with resistive surface 1 1 on the top surface of touch screen 10. A fifth 
terminal 13 is in contact with conductive rear surface 15 of touch screen 10. The rear surface 
IS is normally driven with the same AC voltage as the terminals on fi'ont surface 1 1, so the 
effective capacitance between fi'ont surface 1 1 and rear surface IS is reduced to nearly zero. 
Rear surface IS may also serve as a shield against electrical noise. Connected to each one of 
these terminals is a driver sensor circuit 20, 22, 24, 26, and 21, respectively, only one of 
which, circuit 20, is shown in detail. 

As shown, circuit 20 includes an AC voltage source 30 connected to amplifier 32 
which applies a drive signal current through feedback resistor 34 to comer terminal 12, and a 

5 
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differential amplifier 36 which measures current 120 flowing to terminal 12. Source 30 may 
be selectively switched off so zero volts are applied to the terminal. AC detector circuit 38 
demodulates the current signal measured by amplifler36 and perfomis analog to digital 
conversion on the resulting signal. The digital data from circuit 38 is fed to microprocessor 
5 50. The output from each driver sensor circuit 20, 21, 22, 24 and 26 is delivered to 
microprocessor 50. 

Four switches 52, 54, 56 and 58 (e.g., typically semiconductor switches or other 
integrated circuit switching devices), are used to connect calibration impedance 60 to 
terminals 12, 14, 16 and 18, one at a time, respectively. Calibration impedance 60 may be 

10 capacitive impedance or it may be a resistive impedance. As shown in Fig. 1, the same 

impedance can be connected in tum to each of the terminals. More generally, an individual 
impedance may be associated with each of the switches if desired* By using a single 
impedance for all of the terminals, the same impedance can be connected to each, thereby 
reducing possible error sources. Switches 52, 54, 56 and 58 can be operated via control 

15 connection 55 by microprocessor 50, which, for example, may be responsive to a 

temperature sensor 64 as will be explained hereinafter in more detail with reference to Fig. 2. 

The timing at which certain processes are performed according to the system and 
method of the present invention can vary according to specified parameters as indicated by 
flow chart 70 in Fig. 2. For example, measuring stray current, step 74, and calibration of the 

20 touch screen step 82 can be performed prior to normal operation, during periods of user 

inactivity as determined by the steps 72 and 76, after a large temperature change has been 
detected as determined by step 80, and the like. Microprocessor 50 may periodically 
perform calibration at times with a certain periodicity, and the periodicity may be changed, 
for example, in response to an output from temperature sensor 64 as indicated by steps 76 

25 and 80. When a rate of change of temperature of more than a predetermined amount occurs, 
microprocessor 50 may increase the frequency of operation of the re-calibration modes 
described herein, as indicated by step 82. Calibration and stray impedance measurement can 
be made to automatically pause or abort during user touching activity, and if desired can be 
made to resume immediately after touch activity, at some later time, or during the normal 

30 course of operation. 

6 
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Processes shown in Fig. 3 A and 3B can be used to make current measurements and 
calculate incremental touch signals* Fig. 3A shows a basic process 100 that can be used in 
all measurements in methods of the present invention. Process 100 includes applying a 
drive signal which may be applied to all touch screen terminals or may be applied only to 
5 the topsheet of a resistive touch screen, step 102; measuring the currents flowing in each 
terminal, step 104; converting the current signals to binary form, step 105; and storing the 
signal values in microprocessor 50, step 106. In step 107 of process 100, the sum of 
measured currents, minus stray currents, is tested to determine if it exceeds a 
predetermined threshold level, ixH- If it does not, the process is re-started at step 102. If it 

10 does, signal magnitude is large enough for a valid measurement so that UL, UR, LL, and 
LR can be calculated in step 108 where the stray currents are determined by process 110, 
for example. Equations 1 and 2 (detailed below) can then be used to calculate an X, Y 
position giving the UL, UR, LL, and LR values from step 108. 

Stray impedance can be measured using process 1 10 shown in Fig. 3B. Switches 

15 52, 54, 56, and 58 are opened, step 112, the driver sensor circuits are operated and 

measurements are made of currents i2o» i22» 124, and 126 flowing into touch screen 10, step 
114. These current measurements are converted as indicated in step 1 14 to binary form 
and stored in microprocessor 50, step 116, with the designations is2o, is22, is24, and is26, 
representing the current flowing into stray capacitive and resistive impedances 57 coupling 

20 screen 10 and its interconnecting cables to ground. Measurements of signals resulting 
from stray impedances are done when the touch screen system is first powered on, and 
they may be done periodically thereafter, for example under control of process 70. 

Microprocessor 50 uses the calculated values designated UR (upper right), LR (lower 
right), LL (lower left) and UL (upper left) from each of terminals 12, 14, 16 and 18 

25 respectively, to calculate position and to calculate the X, Y calibration factor for the one of 
the terminals to which the calibration impedance 60 is comiected at that moment. To 
calculate position, microprocessor 50 executes the touch fomiulas for the X and Y positions: 

(UR + LR)-(UL^LL) 
UR + LR-^UL+LL 

30 
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y_ (UR + UL)-(LR + LL) 
UR + LR + UL + LL 

Where UR = i2o-is20, LR = 122-^22. UL = i26-is26. and LL = i24-is24. Touch positions thus 
obtained are used in microprocessor 50 to generate the touch position coordinates and X 
error, Y error, and local error offsets to be applied to subsequently-measured touch 
positions to achieve an error-corrected position. 

Position calibration factors can be measured and calculated according to process 
120 shown in Fig. 3C, and may be further understood with reference to Figs. 1 and 4. 
Calibration impedance 60 can be applied to terminal 12, step 122, so that signals can be 
measured, step 124. Given these measurements, UL, UR, LL, LR can calculated, step 126. 
The X, Y position can then be calculated, step 128. Error vector g = Xur, Yur can then be 
calculated for terminal 12, step 130. where the correction factors are defined as Xur = 1 - 
X52 and Yur = 1 -Y52. Processes analogous to 122 through 130 are then repeated for each 
remaining terminal of the touch screen, as indicated by steps 132 through 142, resulting in 
X and Y correction factors for each terminal of the touch screen, and defining the 
remaining error vectors a = Xul,Yul; X = Xlr, Ylr; and 5 = Xll, Yll. 

Errors in the center of touch screen 10 may be measured in step 143, where the AC 
voltage source in driver sensor circuit 21 is turned off, then steps 124, 126, and 128 are 
performed. Turning off or reducing the AC signal to terminal 13 has the effect of 
significantly increasing the conduction due to capacitance between the front surface 1 1 and 
rear surface 15, thus a calibration capacitor is applied to the center of touch screen 10. The 
center error is then calculated according to the equations shown in step 144. In step 145, 
values generated in steps 122 through 144 are evaluated to determine if they exceed 
predetermined limits. If so, an error is reported and values are stored, step 146. If not, 
values are stored, step 147. Errors may include open or shorted connections in the touch 
screen system, failed electronic chcuits, or touch screen impedances that are larger or 
smaller than specified limits. 

Some steps of process 120 may be used independently from others, for example 
center touch calibration steps 143 and 144 may be omitted or they may be performed 
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separately. Diagnostic steps 145 and 1 46 can be omitted or they may be performed in 
combination with steps 143 and 144 or in combination with steps 122 through 142. 

The correction offsets a, fi, x> § valid for the coordinate limits (e.g. four 
comers) of the touch screen 10. Correction algorithms can then be used to apply these 

5 correction offsets in proportion to all areas of the touch screen. Any suitable error 

correction algorithm can be used to apply the correction offsets in an appropriate manner 
across the touch screen for calibration. Exemplary methods include those based on 
bilinear interpolation and those based on gain correction. Center touch offsets can be 
incorporated into correction algorithms and to perform diagnostics, though center offset is 

10 not used for error correction in the examples shown herein. 

To illustrate a bilinear interpolation correction method, reference is made to Fig. 4, 
which shows a diagram of touch screen 150 with virtual touch points a(x,y), b(x,y), c(x,y), 
and d(x,y). These virtual touch points are examples of the X, Y positions for each of the 
comers that may result from application of touch impedance 60 to the terminals in process 

15 120, steps 140, 122, 132, and 136 respectively. The corresponding error correction vectors 
a = Xul*Yul; fi = XuR, Yur; x = ^lr, Ylr; and 5 = Xu., Yll resulting from process 120 
are also indicated. For each comer of touch screen 150, the measured results can be 



corrected to ideal coordinates P by the equations: 

Pa = a + a, (3) 

20 Pb = b-Hfi, (4) 

Pc = c + x, (5) 

Pd = d + 5. (6) 
More generally, the corrected position P can be stated as: 

p = n + e(E) O) 



25 Where e is the position measured by the controller and e is a vector function of e which 
yields the error vector. The function 8 must be derived from available information. 

For simplicity it is easier to consider one mapping' function K, which is defined as 
follows: 

P = K(E) (8) 
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The second order Taylor expansion for a vector iunction has the form: 



P = F(p) = F(0) + 



5F 



P +^ 



5x5y 



PxPy 
0 



(9) 



Therefore the assumption is made that K is a non-linear function with general form 

Px = K;c(x) = Ax + By + Cxy + D (10) 
Py = Ky(y) = Ex + Fy + Gxy-h H (1 1) 

Unknowns A to H can be determined by solving simultaneous equations 12 and 13, 

expressed in matrix form, where the elements of vector a described above are shown as ax 

and ay, likewise for the vectors b, c and d. 
The matrix derived from Kx(x) is: 



ay a,ay 

by b^by 

Cy c,Cy 

d d d 

^y ^x"y 







(-1) 




B 


1 




C = 


' 1 


) 







(12) 



And the matrix derived from Ky(y) is: 



a. 



bb 

x^y 

d d 





(e] 






F 


1 




G " 


' -1 


J 




wJ 



(13) 



Having calculated terms A through H prior to normal operation of the touch screen system, 
Kx and Ky are applied to subsequent measured and calculated touch points to perform error 
correction and nomialization to the desired range of (-1,-1) to (1,1) prior to reporting of 
corrected position data. 

Figure 5 A shows process 158 for calculating coefficients A - H, including first 
performing measurement and calculations of calibration touch points, step 1 59. Then 
coefficients A-D are calculated in step 160, and coefficients E-H are calculated in step 
161. Process 1 58 is performed soon after power-up of the touch system, and may be 
performed periodically thereafter, for example in accordance with process 70. Then during 
normal operation of the touch system, process 164 is performed each time a measurement 
is made. Fig. 5B shows process 164, comprising measuring a touch event and calculating 
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an X, Y position, step 165; and calculation of coefficients, step 166; followed by reporting 
of error-adjusted position, step 167. 

Fig. 6 shows another method for applying the correction offset vectors a = 
XuuYul; = XuR, Yur; X = ^lr, Ylr; and 5 = Xll, Yll to a measured touch position to 

5 get the corrected touch position. Such method uses a bilinear interpolation process that 
can be expressed in the general form of equations 10 and 1 1 , but it is executed in 
algorithmic form rather than using a matrix inversion to calculate the eight coefficients of 
equations 10 and 1 1. In step 172 a measured touch position is identified. Touch position 
156 is shown by example in Fig. 4. Then the normalized relative position of the touch in 

10 the X and Y direction is determined, Xs and Ys, step 173, Following this, offsets Xll> Yll 
are added to the measured position in proportion to (1 - Xs)*(l - Ys), step 174. Then the 
UL offsets XuL,YuL are added in proportion to (1 - Xs)*(Ys), step 176. Then the LR 
offsets Xlr, Ylr are added in proportion to (Xs)*(l - Ys)], step 178. . Then the UR offsets 
XuR, Yur are added in proportion to (Xs)*(Ys), step 1 80. The corrected position Px, Py is 

15 then reported, step 1 82. 

A particular example of the interpolation technique is shown in Fig. 4 where the 
touch screen shown at 150 has its four comers 12a, 14a, 16a and 18a with signals labeled 
UR, LR, LL and UL, respectively derived from step 126. Each one of these X and Y 
directions are depicted as dimensions 1 52 and 1 54 and each of the terminals has a nominal 

20 positional value of, for example, UR = (+1+1), LR = (+1-1), LL = (-1-1), UL = (-1+1). 

Assume for the sake of example that terminal 12a has a correction offset of = 0.03, 
0.06. Terminal 14a has a correction offset of x = 0.07, -0.04. Terminal 16a has a correction 
offset of 5 = -0.08, -0.02 and Terminal 1 8a a correction offset of a = -0.0 1 , 0.07. Since the 
touch point 1 56 is determined to be 80% of the way along the X axis from terminal 16a to 

25 terminal 1 4a, and 60% of the way along the Y axis from terminal 1 6a to terminal 1 8a the 
scaling for each of the comer offsets is as follows. 

LL offset scale = (100% - 80% = 20%) * (100% - 60% = 40%) - 8%. 
UL offset scale - (100% - 80% = 20%) * (60%) = 12%. 
LR offset scale = (80%) * (100% - 60% = 40%) = 32%. 

30 UR offset scale = (80%) * (60%) = 48%. 

Then calculate: 
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8% * 5 = (-0.0064, -0.001 6), 
12% * a = (-0.0012, 0.0084), 
32% * X = (0.0224, -0.0128), 
48% * fi = (0.0144, 0,0288), 
5 and add the four scaled offsets in each of the X and Y directions to the uncorrected position 
of (0.6, 0.2) for a grand total of (0.6292, 0.2228). This corrected touch position is then 
reported. 

This method has been included in the text both because of the relative simplicity 
with which the coefficients can be calculated and the clarity in which it demonstrates that 
10 the corrections are applied. This method will correct a 1% error to within .01%, but a 10% 
error will only be corrected within 1%. The uncorrected error results from the fact that the 
correction is not included when the correction is calculated. This error could be removed 
by an iterative process, or by solving for the enror values that would result in the 
appropriate corrections being calculated exactly. The result of removing the errors would 

15 be essentially equivalent to the previously-illustrated method of solving simultaneous 

differential equations, which results in precise corrections at the comer points, the choice 
of method used generally depends on the desired level of accuracy, the tolerance of the 
system for error, the available processor resources (e.g., speed, memory, etc.), and the like. 
A gain correction approach can also be used as the error correction method, and 

20 can be understood with reference to Fig. 1, Fig. 7, and Fig. 8. First, process 1 90 is 

performed to generate gain correction factors. Stray current values are established, step 
191 . Driver sensor circuit 20 is then connected to calibration impedance 60 and current izo 
is measured and stored in step 196, with the designation in,w2o. Then icai20 is calculated. In 
steps 200, 202, and 204 switches 54, 56, and 58 are sequentially closed, the measurement 

25 and storage steps are repeated, and icai22, icai24, and icai26 are calculated, respectively. Gain 
correction factors are then calculated in microprocessor 50 for each of the driver sensor 
circuits 20,22,24,and 26 in step 206 by the following equations: 

GC20 = (icAL2o + icAL22 + icAU4 + iCAue) / (4* icAUo) (14) 

GC22 = (icAL20 + icAL22 + icAU4 + icAUd) / (4* icAL22) (1 5) 

GC24 = (icAL20 + icAL22 + icAL24 + icAU6) / (4* icAU4) (16) 
GC26 = (icAL20 + icAL22 + icAU4 + icAU6) / (4* iQAUe) (1 7) 



30 
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Subsequent current measurement operations are performed as shown in the flow 
chart in Fig. 8, where switches are opened, step 212. Each measurement of ijo, 122, 124, and 
i26. step 214 is stored, step 216, and then modified to a stray-corrected and gain-corrected 
value in microprocessor 50 by the equations shown in step 218. Next a test is done to 
5 determine if the values UR, LR, LL, and UL are above a predetermined threshold level, 
step 220. If the threshold is exceeded, a corrected touch position is calculated, step 222. 

In touch systems that are capable of measuring phase of the measured signals, the 
signals measured and calculations performed in processes 100, 1 10, 120, and all 
subsequent process calculations will use complex numbers. In this case the gain correction 

10 factors may be a complex numbers as well. The gain correction method may be used in 
conjunction with a bilinear interpolation method. 

Fig. 9 schematically shows a resistive touch screen, for example like the resistive 
touch screens commercially available from 3M Touch Systems, Inc., Methuen, MA. Current 
source 330 applies a drive signal to topsheet 3 11 . A finger or stylus touch on top sheet 3 1 1 

15 results in electrical contact and current flows to substrate 310, distributing to the four 
comer terminals 312, 314, 316 and 318 proportionally, depending on the location of the 
contact. Connected to each one of these terminals is a sensor circuit 320, 322, 324 and 326, 
respectively, only one of which, circuit 320, is shown in detail. Circuit 320 receives current 
from comer temiinal 312 through amplifier 332, and to detector circuit 338 which performs 

20 analog to digital conversion on the signal. The digital data from circuit 338 is fed to 

microprocessor 50. The output from each sensor circuit 320, 322, 324 and 326 is delivered 
to microprocessor 50. Four switches 52, 54, 56, and 58 (e.g., typically semiconductor 
switches or other integrated circuit switching devices), are used to connect calibration 
impedance 360 to terminals 312, 314, 316 and 318, one at a time, respectively. Calibration 

25 impedance 360 may be capacitive impedance or it may be a resistive impedance, and it may 
have substantially 0 impedance. As shown in Fig. 9, the same impedance can be connected 
in turn to each of the terminals. Switches 52, 54, 56 and 58, can be operated via control 
connection 55 by microprocessor 50, which, for example, may be responsive to a 
temperature sensor 64. 

30 The resistive touch system shown in Fig. 9 can be used with a combination of process 

70, 100, 1 10, 120, 158, 164, 170, 190, and process 210 to achieve calibration according to 
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this invention. Resistive touch systems including 4 wire and 5 wire types may be calibrated 
with the methods described herein. 

The present invention should not be considered limited to the particular examples 
5 described above, but rather should be understood to cover all aspects of the invention as 
fairly set out in the attached claims. Various modifications, equivalent processes, as well 
as numerous structures to which the present invention may be applicable will be readily 
apparent to those of skill in the art to which the present invention is directed upon review 
of the instant specification, 
^ ^ Each of the patents, patent documents, and publications cited above is hereby 

incorporated into this document as if reproduced in full. 



14 



>JSDOCID: <W0 ^03049002A2J_> 



wo 03/049002 PCTAJS02/30859 
WHAT IS CLAIMED IS: 

1 . A touch screen calibration system comprising: 
a touch screen having a plurality of terminals; 

5 a control circuit for applying at least one signal to said terminals and sensing 

an effect on the signal due to a touch on the touch screen; 

a switching circuit for applying a calibration impedance to the touch screen; 
a microprocessor configured to calculate a measurement error upon 
application of the calibration impedance, and responsive to a touch, to apply the 
10 measurement error to obtain a corrected touch position from a measured touch position. 

2. The calibration system of claim 1 , wherein the microprocessor is further 
configured to interpolate the offsets as a function of relative X, Y positions of the measured 
touch position. 

15 

3. The calibration system of claim 2, wherein the microprocessor is configured 
to interpolate the offsets using error correction equations containing coefficients calculated 
by solving simultaneous equations derived from a second order Taylor series expansion. 

20 4. The calibration system of claim 1 , wherein the microprocessor is further 

configured to periodically operate the switching circuit. 

5. The calibration system of claim 4, wherein the microprocessor is further 
configured to change the periodicity of operating the switching circuit in response to a 

25 predetermined change in a sensed quantity. 

6. The calibration system of claim 5, wherein the sensed quantity is temperature. 

7. The calibration system of claim 1, wherein the microprocessor is further 
30 configured to prevent operation of the switching circuit at least while the touch screen is 

actively in use. 
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8. The calibration system of claim 1 , wherein the plurality of terminals includes 
four terminals. 

9. The calibration system of claim 8, wherein the four terminals are located one 
in each comer of the touch screen. 

10. The calibration system of claim 1, wherein the same calibration impedance is 
applied to each terminal. 

1 1 . The calibration system of claim 1 , wherein the touch screen is a capacitive 
touch screen. 

12. The calibration system of claim 1 , wherein the touch screen is a resistive 
touch screen. 

13. A method for calibrating a touch screen comprising: 
applying a signal to terminals of a touch screen; 
applying a calibration impedance to the terminals; 

sensing an effect on the signal of the calibration impedance applied to the 

terminals; 

calculating an X, Y position indicated for each terminal upon application of 
the calibration impedance; and 

calculating an error for each terminal and applying the errors to obtain a 
corrected touch position from a measured touch position. 

14. The method of claim 13, further including interpolating the errors as a 
function of relative X, Y positions of the measured touch position. 
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15. The calibration system of claim 14, wherein the step of interpolating uses 
error correction equations containing coefficients calculated by solving simultaneous 
equations that model the screen errors as a two dimensional Taylor series. 

5 16. A touch screen calibration system comprising: ' 

a touch screen having a plurality of terminals; 

a control circuit for applying a signal to at least one terminal and sensing an 
effect on the signal due to a touch on the touch screen; 

a switching circuit for applying a calibration impedance to at least one 

10 terminal; 

a microprocessor configured to calculate a gain error indicated for each 
terminal upon application of the calibration impedance^ and responsive to the gain error, to 
apply the gain errors to obtain a corrected touch position from a measured touch position. 

15 17. The calibration system of claim 16, wherein the microprocessor is further 

configured to normalize the gain error. 

18. The calibration system of claim 17, wherein the microprocessor is further 
configured to store the normalized gain error. 

20 

19. The calibration system of claim 17, wherein the microprocessor is further 
configured to apply the normalized gain error to the measured touch position. 

20. A touch screen calibration method comprising: 
25 applying a signal to a touch screen; 

applying a calibration impedance to at least one tenninal of the touch screen; 
sensing an effect on the signal of the calibration impedance applied to at least 

one terminal; 

calculating a gain error indicated for each terminal upon application of the 
30 calibration impedance; and 
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applying the gain error to obtain a corrected touch position from a measured 

touch position. 

21. The touch screen calibration method of claim 20, wherein the touch screen 
comprises a capacitive touch screen. 

22. The touch screen calibration method of claim 20. wherein the touch screen 
comprises a resistive touch screen. 

23. A touch screen calibration method comprising: 
applying a signal to a touch screen; 

applying a calibration impedance to the touch screen; 
sensing an effect on the signal of the calibration impedance; 
calculating an error indicated upon application of the calibration impedance; 



and 



position. 



applying the error to obtain a corrected touch position from a measured touch 



24. The touch screen calibration method of claim 23, wherein the touch screen 
comprises a capacitive touch screen. 

25. The touch screen calibration method of claim 23, wherein the touch screen 
comprises a resistive touch screen. 

26. A touch screen calibration method comprising: 
applying a signal to a touch screen; 

applying a calibration impedance to the touch screen; 

sensing an effect on the signal of the calibration impedance; 

calculating an error indicated upon application of the calibration impedance; 

and 
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applying the error to determine if the touch screen is functioning within 
predetermined limits. 

27. The touch screen calibration method of claim 26, wherein the touch screen 
comprises a capacitive touch screen. 

28, The touch screen calibration method of claim 26, wherein the touch screen 
comprises a resistive touch screen. 
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Apply drive signal to touch screen 



Measure cun'ents 
i20. '22. 124, '26 
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Convert iao, i22, '24, '26 values 
to binary form 



Store values in microprocessor 50 



Calculate 
UR = i20-iS20 LR = i22-iS22 
LL = l24>iS24 UL = i26-iS26 



I 



Calculate X,Y position 
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Open switches 52, 54, 56, 58 



Perform Steps 102, 104, 105, 106 from 
Signal Measurement Process 100 
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Designate stored values 
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Close switch 52 only 



Perform Signal Measurement Process 100 
Store v alues iao, i22. 124. 126 
I 



Calculate 

UR = i20-iS20 LR = i22-iS22 
a = i24-iS24 UL = i26-iS26 



Calculate X and Y 
using Equations 1 and 2 
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Calculate error vector p 
XUR = +1-X YuR = +1-Y 
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Open switch 52, close switch 54. 
Repeat steps 124. 126. 128 



Calculate error vectorl 
XlR = +1-X54 Ylr = -1-Y54 
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Open switch 54, close switch 56. 
Repeat steps 124. 126, 128 



I 



Calculate error vectorl 
XLL^-1-X56 ^ Yll=:-1-Y56 



Open switch 56, close switch 58. 
Repeat steps 124, 126, 128 



143^ 

] Open switch 58, drive signal from 21 =0 L 
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Calculate error vector a 
XUL = -1-X58 Yu L = +1-Y 53 
I 
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Repeat steps 124, 126,128 



J Calculate center en-or 
Xc = 0+X Yc = 0+Y 
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Fig. 5A 
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Py = B( + Fy + Gxy+H 
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Perform process 110 
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Calculate 
'CAU0 = iRAW20-iS20 
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Close switch 54. Measure with Process 100 
& calculate icAL22 = iRAW22 - iS22 
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Close switch 56. Measure with Process 100 
& calculate icAL24 = iRAW24 - iS24 
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Close switch 58. Measure with Process 1 00 
& calculate icAL26 = iRAW26 - iS26 



Calculate Gain Coffection Factors 
GC20.GC22,GC24,GC26. 
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